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Most  evidence is  consonant  with the  view that  experimental  hyper- 
tension of renal origin, whether produced by compressing the renal artery 
as in the method of Goldblatt,  Lynch, Hanzal,  and SummerviUe (1934) 
or by the perinephritis  caused by applying  cellophane to the kidneys as 
in the method of Page (1939), is due to liberation of an effector substance 
from the kidneys. 
This evidence may be briefly summarized. 
The nervous system is not directly responsible  for the genesis of the hypertension 
because renal denervation does not prevent its occurrence (Page, 1935  a; Collins, 1936; 
Elaut,  1936; Glenn, Child,  and Heuer, 1937; Blalock and Levy, 1937), nor does total 
sympathectomy (Freeman and Page, 1937; Alpert, Alving,  and Grimson,  1937) com- 
bined with cardiac denervation (Freeman and Page, 1937), or total destruction of the 
cord by pithing (Glenn, Child, and Page, 1938). 
The endocrine glands appear to play a subsidiary part, although it may be of great 
importance (Page,  1937).  Removal of the hypophysis reduces hypertension especially 
when those somatic changes occur in the animal which have been ascribed to loss of the 
secretions  of the hypophysis and injury to  the tuber and hypothalamus  (Page and 
Sweet, 1937).  Suprarenalectomy has a more immediate and profound effect in reducing 
the blood pressure and damping the ability of animals  to respond with hypertension to 
renal arterial constriction (Goldblatt, 1937; Blalock and Levy, 1937; Page, 1938; Collins 
and Wood, 1938).  It appears to be the consensus of opinion among these investigators 
that the suprarenal cortex is indirectly involved because modest hypertension has been 
observed after complete supmrenalectomy. 
Cardiac output is normal in hypertensive dogs (Holman and Page, 1938) and blood 
volume is unchanged (Freeman and Page, 1937).  Removal of a kidney from an animal 
in which hypertension has been temporarily established by damping the renal arteries 
causes the blood pressure to fall to normal (Goldblatt, Lynch, Hanzal, and Summerville, 
1934; Blalock and Levy, 1937). 
Water- and alcohol-soluble  pressor substances  from blood and pressor substances 
contained in ultrafiltrates of blood have not been found to be increased either in patients 
with hypertension or in dogs with experimental  hypertension (Page,  1935 b, 1936).  Gua- 
nidine bases  are  not elevated in experimental hypertension (Helmet and Page, 1938; 
Child,  1938). 
A substance which has a powerful peripheral constricting action was first extracted 
from normal  kidneys by Tigerstedt and  Bergmann  (1898).  This  extract has  been 
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shown,  unlike most known pressor substances such as adrenine and tyramine, to cause 
elevation in arterial pressure without fail in skin temperature (Landis, Montgomery, 
and Sparkman,  1938; Corcoran and Page,  1939).  Houssay and Fasciolo  (1937) ap- 
peared to demonstrate that a renin-like substance is liberated from a kidney, which had 
previously been clamped, by transplanting the kidney into the neck of an anesthetized 
normal dog.  When blood perfused it, an immediate rise of arterial  pressure occurred 
in the normal animal.  Somewhat contrary results were obtained by Boylston, McEwen, 
and Ivy (1938) who peffused kidneys from hypertensive dogs with Locke's solution and 
injected the peffusate into anesthetized dogs.  No rise in pressure occurred.  Williams 
and Grossman (1938) found two pressor substances in perfused isolated normal kidneys 
which were not detectable in the perfusates of spleen,  liver, and lung.  One of these 
substances had properties similar to renin  and the  other similar to adrenine  (called 
"perfusin").  Collins and Hoffbauer (1936-1937)  were unable to demonstrate increased 
pressor action of blood from the renal vein of a hypertensive dog. 
The slow  intravenous  infusion  of renin  results  in  renal vasoconstriction  (Merrill, 
Williams,  and Harrison, 1938; Friedman, Abramson, and Marx, 1938; Hessel, 1938) and 
marked reduction of blood flow.  The glomerular efferent arterioles appear to be the 
sites of most marked vasoconstriction (Corcoran and Page, 1939).  There is no specific 
effect on the tubular mechanism of phenol red excretion.  Since decreased renal blood 
flow and efferent arteriolar constriction are present in essential hypertension in man 
(Smith, Goldring,  Chasis,  and Ranges, 1938), the similarity between the hemodynamics 
of the kidneys in patients with essential hypertension and in the kidneys of dogs following 
infusion of renin is evident. 
The evidence appears sufficient to justify more intensive study of renin 
in  the  belief that  it may in  fact  be  the  effector substance  responsible for 
experimental renal hypertension. 
Several investigations have been conducted on the physiological properties of extracts 
of kidneys containing renin.  For the most part these extracts have been crude, making 
it difficult to ascertain how much of the effect observed is due to renin and how much to 
contaminating pressor and depressor substances.  Williams, Harrison, and Mason (1938) 
believe that there are at least two pressor substances, one renin-like extracted from the 
acetone-insoluble fraction of renal extracts, and the other renin.  The prolonged pressor 
effect of renin is suggested by Williams (1938) to depend on the slow liberation of an 
adrenine-like substance from it. 
While Hessel (1938) has never published more than outlines of his work and hence it 
has not been possible to reproduce it, it appears probable that his preparations have been 
quite pure.  Landis, Montgomery, and Sparkman (1938) have employed a method which 
undoubtedly yields pressor extracts but still contains much inactive material.  Helmer 
and Page (1939) have developed a method which yields water-clear solutions  in which 
0.027 mg. of nitrogen per cc. or less raises the blood pressure of cats 30 to 50 mm. Hg and 
contains no depressor substance.  It is this renin, prepared by Dr. O.  M. Helmer from 
pigs' kidneys, which was employed in this work. 
Purified  renin  has little  or no vasoconstrictor action  when injected into  Ringer's 
solution perfusing isolated organs.  This is due, as Kohlstaedt, Helmet, and Page, (1938) 
have shown, to lack of a protein-like substance contained in blood which when added to 
renin restores its pressor action.  This substance they have called renin-activator. mVINE  H.  PAGE  523 
The purpose  of this investigation was to  study the mechanism of the 
pressor action of purified renin and renin-activator in cats and dogs. 
Methods 
Cats (about 3 kg. weight) and dogs (10 to 18 kg. weight) were employed as test 
animals both with pentobarbital anesthesia and without anesthesia when the character 
of the  experiment did not warrant  it.  Blood  pressure was recorded by a  mercury 
manometer  from the carotid artery, heparin being used as anticoagulant in the connecting 
tubing.  One vagus nerve was cut in most anesthetized animals.  Injections of the 
warmed solution were made into a femoral vein. 
To ascertain the effect  of blood drawn from the experimental  animal on isolated blood 
vessels, the peffused rabbit's  ear was employed. Ringer's solution with added gum 
acacia or whole oxygenated defibrinated blood, diluted 1  : 1 with Ringer's solution, was 
employed for peffusion.  Pulsatile pressure was maintained at 140/110 mm. Hg and 
the peffusion fluid recirculated.  The method will be described in detail elsewhere. 
Each experiment described  has been repeated at least 3 times and some many more. 
The constricting action of various substances is recorded m the tables as both the 
time the flow was reduced, i. e., the time required for the initial drop rate to be re- 
established, and the average percentage reduction of flow. 
RESULTS 
Tachyphylaxis.--The  initial dose of 0.1  to  0.2  cc.  of renin produced a 
sharp rise of blood pressure of 30 to 40 ram. Hg which persisted from 10 to 
20 minutes.  The next dose, given after the blood pressure had returned 
to  the control level, usually produced a  less marked response,  averaging 
20  to  30  ram.  Subsequent doses gave smaller responses until about the 
sixth dose no further rise occurred.  This was variable, some cats and dogs 
becoming refractory after the third dose and others only after as many as 
ten doses.  To some extent this depended on the amount of renin injected 
as the greater the amount the more rapid the development of tachyphylaxis. 
The  course  of  events was  usually  somewhat  as  follows.  The  first and 
second doses elevated the blood pressure 30 and 24 ram. Hg and the next 
six doses elevated it 18, 12, i0, 8, 14, and 4 nun. Hg.  If at least 20 minutes 
elapsed between injections, tachyphylaxis appeared to develop less rapidly. 
It was also observed that the blood pressure after the initial doses usually 
returned to normal more rapidly than after subsequent doses.  This was 
not  always true.  The  response  to  the initial dose in  different cats  was 
often similar with occasional wide variations.  For example in 9  consecu- 
tive cats the initial response was 36, 18, 20, 30, 36, 32, 28, 28, and 8 ram. Hg. 
Response at Various Levels of Blood Pressure.--The initial level of blood 
pressure before renin is given appears to have no deciding influence on the 
response observed.  It has often been as great from the same dose of renin 
when the arterial pressure was 45  ram. Hg as when it was  140 ram. Hg. 524  PP~ESSOR  A¢~ION  OP  RENIN 
Progressive lowering of the blood pressure by means of small hemorrhages 
did not alter the reactivity. 
When the cat had ceased to respond, an attempt was made to restore 
reactivity  by  reinjection  of  20  cc.  heparinized  blood,  removed  at  the 
beginning of the experiment.  The average level of arterial  pressure was 
raised 20 to 40 ram. Hg, but the animal remained refractory. 
Anest~sia.--There  appears  to  be  only  moderate  depression  of  the 
responsiveness of normal dogs to renin by doses of pentobarbital sufficient 
to produce light anesthesia. 
Effect of Hepatectomy.--Since  it was possible that  tachyphylaxis might 
be due to the detoxifying action of the liver on renin, the liver was removed 
in eight brief experiments.  This usually caused a marked drop in arterial 
pressure, hence a  blood transfusion (50 to 70 co.) was given to restore the 
original  blood  pressure.  When  renin  was  injected,  the  first  dose  often, 
but not always,  caused a  more marked response than in most cats  with 
the fiver intact.  But subsequent doses again produced progressively less 
response  until  the  animal  was  refractory.  If  tachyphylaxis  had  been 
produced before removal of  the  liver,  the  operation  did not  restore  the 
responsiveness of the cat. 
Effect  of  Evlsceration.--Animals  were  much  less  responsive  to  renin 
injection  after  evisceration  although  the  response  to  adrenine  appeared 
only moderately reduced.  If the blood pressure were raised  to a  level  of 
90  ram.  or  more  and  maintained  by  adrenine  infusion,  renin  injected 
simultaneously caused slight or no further  rise of pressure.  The  loss of 
responsiveness is  evidently not  merely  a  matter  of  the  level of  arterial 
pressure.  When  the  blood pressure  was  very low  (20  to  30  ram.  Hg), 
renin produced little or no pressor effect, while adrenine was still active. 
Suprarenalectomy.--Three  experiments  were  performed  in  which  after 
an initial test dose of renin was given, both suprarenal glands were removed. 
Within 30 minutes the response to renin was again elicited.  While  some 
reduction was observed, it was not more than might have been  anticipated 
as  a  result  of  having  given  the  initial  dose.  For  example,  the  initial 
response was 20 man. Hg and following suprarenalectomy was 12  ram. Hg 
and  18  ram.  Hg.  Administration of suprarenal  cortical extract  (1.0  cc.) 
and physiological saline (35 cc.) did not restore reactivity to renin once it 
had been lost in these animals. 
Carotid Sinus  Reflex.--The  rise  in  arterial  pressure  due  to  closure  of 
both  common carotid  arteries  was usually reduced moderately when the 
reflex was elicited during the period of hypertension resulting from renin 
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sinus reflex and the rise due to renin.  Often closure of the carotid arteries 
caused a sharp fall of 24 to 40 mm. Pig, but renin continued to elevate the 
blood  pressure.  Again  the  initial  level  of  arterial  pressure  was  not  a 
deciding factor either in the response to carotid sinus stimulation or renin 
injection. 
Decerebratlon.--The Sherrington guillotine was employed to decerebrate 
4 cats and bone wax was used to stop hemorrhage.  When the cut extended 
through the brain about 5 mm. caudal to the hypophysis and the animal 
was breathing spontaneously, renin was found to depress rather than raise 
arterial pressure.  In one experiment for example 0.1 cc. renin lowered the 
pressure 8 ram.; 0.13 cc., 10 ram.; and 0.5 cc., 38 mm., whereas adrenine 
gave  the usual pressor response.  When the  cut only extended through 
the cortex the vasoconstrictor response to renin appeared to be somewhat 
heightened (2 cats).  As it was realized that the method of decerebration 
was too crude for accurate anatomical localization the experiments were 
not continued.  The point of interest is  that the nervous system under 
these circumstances appears to alter the vascular response to renin. 
Pithing.--The  response to  renin was  tested in  12  animals before and 
after  pithing.  After  the  operation  the  animal  was  shown  to  be  more 
sensitive to adrenine, but the response to renin was temporarily sharply 
reduced.  In one animal, for example, the pressure rose 62 and 54 mm. Hg 
after the first two injections of renin.  After pithing, the same dose pro- 
duced only 2  mm. Hg rise and 5  times this dose only 20 ram. Hg rise. 
However if time is allowed (10  to 20 minutes) for the animal to recover 
from the shock of pithing the response appears to be but little less than in 
the intact animal.  Six experiments were performed in which pithing was 
performed  without  preliminary  injection  of  renin.  When  the  blood 
pressure had become stabilized at a  level of 30 to 40 ram. Hg renin was 
repeatedly injected.  In one cat, for example, the first rise was 18 ram. Hg, 
the  second  14  mm. Hg,  and  the  third  8  mm. Hg.  Tachyphylaxis was 
clearly demonstrated in the pithed animal. 
Since the arterial pressure of cats after pithing is low, it was possible 
that this in itself might influence the response.  Hence the blood pressure 
was raised to  normal levels by injection of from 50  to  125  cc.  of fresh 
heparinized cat's blood and the action of renin studied (Table I).  Seven 
experiments were performed and all showed either no decrease in responsive- 
ness or slight increase after injection of fresh blood during the early part 
of  the  experiment.  As  the  experiment  progressed  and  tachyphylaxis 
appeared, blood injections were ineffective in aiding the response to renin. 
Acacia  solution and  salt  solution were  also  ineffective.  Similar  results 526  PILESSOR  ACTION  OF  RENIN 
were obtained in pithed cats.  It is interesting that the response to adrenine 
(1  cc.  1:100,000  solution)  and tyramine (1 mg.) was marked, while none 
was obtained from renin. 
Intracisternal  Injection.--Doses  of  0.2  cc.  of  renin  were  injected into 
the cisterna magna of normal dogs after removal of 0.2 cc. of cisternal fluid. 
The same dose of saline had no effect on arterial blood pressure and renin 
TABLE  I 
The Effect of Blood  Transfusion  on the Pressor Effect of Renin in a Pithed Cat 
Substance  injected  Amount  Initial  B,  P.  Rise  of  B.  P. 
Renin 
tC 
Blood 
Renin 
Blood 
Renin 
~4 
Blood 
Renin 
Blood 
Renin 
1# 
Acacia 
Renin 
Blood 
Renin 
GG. 
0.1 
0.2 
0.2 
50.0 
0.2 
23.0 
0.2 
0.2 
0.2 
30.0 
0.2 
0.2 
40.0 
0.2 
0.2 
0.2 
50.0 
0.2 
40.0 
0.2 
0.2 
rnm.//t 
38 
36 
40 
40 
76 
78 
88 
90 
92 
92 
72 
68 
68 
84 
72 
72 
74 
60 
60 
44 
46 
tara. III 
4 
24 
22 
36 
24 
10 
26 
24 
8 
20 
14 
12 
16 
4 
10 
--4 
--14 
0 
--16 
4 
2 
had  only a  small  effect.  In  three  experiments no  rise  occurred and  in 
three, rises of 8 to  12 ram. l-Ig were observed immediately after injection. 
After it was shown that the substahce gave little or no pressor response 
when injected into the cisterna, the animal was retested by injecting the 
same dose of renin intravenously.  A  typical example follows: 
Saline 0.2 cc. intracisternal produced no rise in pressure, 0.2 cc. renin, 8 ram. Hg rise; 
0.2 cc. renin, no rise; 0.4 cc. renin plus 0.2 cc. dialyzed serum, no rise; 0.4 ce. renin intra- 
venously, 98 ram. Hg rise; 0.4 cc. renin, 108 ram. Hg rise; animal pithed, adrenine 1 cc. 
(1 : 100,000),  28 ram. Hg rise; renin 0.4 cc., no rise; adrenine !  cc.  (1 : 100,000),  32 mm. 
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It should be noted that the renin was carefully dialyzed, for if this is 
not done, the intracisternal injection of undialyzed renin results in very 
sharp elevation in blood pressure, presumably due to the presence of potas- 
sium salts (Resnik, Mason, Terry, Pilcher, and Harrison, 1936). 
Cocaine.--The  rise  of  pressure  resulting  from  injection  of  1  cc.  of 
1:100,000  adrenine was 12 ram. Hg and 0.1  cc. renin, 10 ram. Hg; then 
6 rag. of cocaine was administered and the response to adrenine was now 
60 rnm. Hg, and renin 6 ram. Hg; adrenine 42 nun. Hg and renin 0.2 cc., 
16 ram. Hg; adrenine 48 ram. Hg and renin 0.4 cc., 40 ram. Hg.  From 
three  similar  experiments  it  appears  that  cocaine  in  doses  suflficiently 
great to potentiate  the pressor  action of  adrenine does not appreciably 
affect that of renin.  Five experiments in which cocaine was given clearly 
demonstrate that there is no parallelism between the response to adrenine 
and that to renin.  It is usual after injection of several doses of renin in 
such  experiments  to  observe  active  response  to  adrenine  with  almost 
complete refractoriness to renin. 
Ergotaraine  Tartrate.--Six  experiments  were  performed  under  pento- 
barbital anesthesia, in which, after prel~uary testing with adrenine and 
renin, ergotamine tartrate  (2 to 6 rag.) was given.  In some experiments 
the ergotamine seemed to increase the pressor response of adrenine (Her- 
wick, Linegar, and Koppanyi, 1939).  One fact emerged clearly from these 
experiments, namely, that the pressor effect of renin exhibited no relation- 
ship  to that of adrenine.  When excellent pressor  responses to adrenine 
were observed,  either a  strong pressor  or no response was elicited with 
renin. 
Large doses (2 rag.) of ergotam{ue were given quickly and when respira- 
tion was paralyzed,' artificial respiration started.  The pressor response of 
adrenine was markedly reduced as was that of renin.  After a  period of 
10 to 15 minutes the pressor response to adrenine was again marked but 
that to renin remained sluggish, or none at all was observed (Table II). 
Strychnine  and Caffeine.--Neither  strychnine in doses sufficient to pro- 
duce convulsions (1/30 grain) nor caffeine in large doses (7½ grains) caused 
return  of  responsiveness  to  renin  once  it  had  been  lost  by  repeated 
injections. 
Sodium Bicarbonate-Hydrochloric Ac/d.--Infusion of 3 per cent sodium 
bicarbonate (10 to 50 co.) or 0.1 per cent hydrochloric acid (10 to 30 co.) 
in four  experiments did not  alter  appreciably the  responsiveness of  the 
cats to renin when the renin was injected either during or directly after 
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Renin-Activator.--It  was thought that repeated intravenous injections of 
renin at short intervals might exhaust the supply of renin-activator (Kohl- 
staedt,  Helmer,  and  Page,  1938) in  the  animal and  hence  possibly  the 
progressive loss of pressor effect.  It is true that plasma removed when the 
cat is no longer responding to renin has lost its ability to activate renin 
when perfused through a dog's tail.  1  Yet injection of renin which has been 
TABLE II 
Effect of Ergotamine Tartrate on the Pressor Action of Renin in a Cat under 
Pentobarbital Anesthesia 
Material injected 
Adrenine 1  : 100,000 
Renin 1:3 dilution 
Ergotoxin 
4C 
Renin 
Adrenine 
Amount  Initial B. P. 
0.5 ¢¢. 
0.2  " 
llng. 
1  " 
0.2 ce. 
0.2  " 
0.5  " 
1.0 " 
Artificial  respiration started 
mm. ttg 
198 
178 
2O8 
222 
88 
76 
66 
44 
Adrenine 
Renin 
Adrenine 
Renin 
Ergotamine 
Adrenine 
Renin 
Adrenine 
0.5 cc.  164 
0.2  "  144 
0.5  "  78 
0.2  "  84 
1 rag.  88 
1.0 ec.  14 
0.5  "  84 
0.2  "  98 
0.2  "  90 
0.5  "  78 
B. P. change 
ram, 
+50 
+34 
+16 
--32 
+28 
+2 
--26 
+52 
+44 
-42 
+40 
+6 
-72 
+46 
+3 
-24 
-6 
+42 
previously activated by addition of partially purified activator still elicits no 
response in the tachyphylactic  animal. 
Perfusion  of Isolated  Rabbits'  Ears  with  Blood.--It  was first ascertained 
that oxygenated dog's blood  (1:1  dilution with  Ringer's solution)  could 
be  recirculated through the  ear  without difficulty.  The  initial addition 
of renin (1  cc.) to the fresh blood (45 cc. in the circulating system) caused 
marked constriction of the ear vessels as indicated by sharp reduction or 
cessation of flow from them.  When the vessels relaxed and flow was re- 
established at its former level, further injections of renin gave progressively 
less  response  just  as  in  the  intact  animal  (Table  III).  After  several 
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injections  of  renin,  no  further  response  was  elicited.  If  renin-activator, 
derived in most  of our  experiments from  ox serum,  was  now  added  along 
with  the  renin,  the  vessels  again  responded  with  marked  constriction. 
TABLE  III 
Development of Tachyphylaxis in Rabbit's l~ar Perfusod  with Normal Dog's Blood, Response 
with Renin plus Activator, Lack of Response when Blood  for TachyphyIactic Animal 
Substituted, Reestablishment of Response when Ringer's Solution Perfused 
Material injected  Initial drop 
Rate per ram. 
Reduction of flow 
Time in rain. 
Per cent reduction 
of llow 
1.0 cc. reuin  22  7  63 
1.0 cc. renin  18  4  27 
1.0 cc. renin  24  0  0 
1.0 cc. renin +  1.0 cc. activator  29  7  45 
Blood removed from circulation and blood  from a dog made tachyphylactic  by re }eated injections 
of renin substituted 
1.0 cc. renin +  1.0 cc. activator  23  0  0 
Blood removed and Ringer's solution substituted 
1.0 cc. renin +  1.0 cc. activator  I  45  I  5  I  49 
TABLE  IV 
Development of Tachyphylaxis in Rabbit's Ear Perfused with Normal Blood Followed by 
Perfusion of Fresh Blood through the Same Ear and the Reestablishment of Tachyphylaxis 
Material injected  Initial drop  Reduction  of flow  Per cent reduction  Rate per man.  Time in rain.  of flow 
0.6 cc. renin 
0.6 cc. renin 
0.6 cc. renin 
0.6 cc. renin 
0.6 ce. renin 
O. 8 cc. renin 
0.8 cc. renin 
O. 8 cc. renin 
0.8 cc. renin 
0.8 cc. renin 
30 
24 
23 
20 
22 
Fresh dog's blood perfused through  same 
34 
26 
28 
-I- 1.0 cc. activator  24 
24 
13 
10 
5 
3 
0 
ear 
12 
8 
0 
9 
0 
80 
50 
35 
15 
0 
63 
49 
0 
51 
0 
Thus,  tachyphylaxis  can  be produced  in the isolated rabbit's  ear perfused 
with  recirculated  blood  by  repeated  injections  of  renin  and  partially  or 
completely overcome  by  addition  of  activator  (Table  IV).  If  the  blood 
was  removed  and  fresh  normal  blood substituted, renin again caused con- 
stHction and after repeated renin injections tachyphylaxis recurred  (Table PRESSOR  ACTION  O~"  RENIN' 
IV).  The injection of renin into this blood perfused through a second fresh 
ear  caused  no  constriction.  If  instead  of  blood,  Ringer's  solution  was 
perfused and renin plus activator injected, marked constriction occurred. 
In three experiments it was found that there was no regular difference 
in the blood used for circulating from normal dogs or dogs anesthetized 
with pentobarbital. 
Cat's blood was employed as well as dog's and it was shown that tachy- 
phylaxis developed with repeated renin injections.  It was not as suitable 
as dog's blood for circulation because the red blood cells sedimented rapidly. 
Perfusion  with  Ringer's  Solution  plus  Gum  Acacia.--When  Ringer's 
solution plus gum acacia (150 cc. in the system) was recirculated, addition 
of renin alone gave little or no constriction, but renin plus renin-activator 
produced powerful constriction.  In  one  experiment,  for  example,  renin 
plus activator was injected 12 times, each time with marked effect (Table 
V).  One-half of the perfusing fluid was then removed and the dosage of 
renin-activator doubled, yet 5  more injections each time produced con- 
striction.  Tachyphylaxis  does  not  appear  to  develop  when  renin  plus 
renin-activator is added to Ringer's solution recirculated through the ear. 
Perfusion  with Blood from  Dogs Made  Tachyphylactic with Renln.--A 
sample of blood (45 co.) was removed from the femoral artery of a normal 
dog anesthetized with pentobarbital and, after defibrinafion, recirculated 
through a rabbit's ear.  Repeated additions of renin caused tachyphylaxis 
to develop which could be overcome by adding activator to the renin.  If 
now the perfusing blood was removed and in its place blood added from the 
same animal, after it had been made tachyphylactic by repeated injections 
of renin, injections Of renin or renin plus activator gave no constriction in 
the  vessels  of  the  ear  (Table  III).  To  demonstrate  that  the  ear  was 
still responsive when perfused with the proper fluid, the blood from the 
tachyphylacfic animal was washed out and in its stead Ringer-gum acacia 
solution substituted.  Injection of renin plus  activator then gave strong 
constriction. 
The experiment was also performed in the reverse sequence (Table VI). 
Blood from a  tachyphylactic animal was used for the initial perfusion of 
the  ear.  The  blood  vessels  responded  neither  to  renin  nor  renin  plus 
activator.  Activity  was  restored  by  employing  Ringer's  solution  for 
perfusion.  6  hours  after  the dog had  been made resistant  by  renin in- 
jections another sample of blood was drawn and perfused through a fresh 
rabbit's  ear.  The response from renin and renin plus  activator was the 
same as obtained from normal dog's blood.  Clearly, renin-activator had n~v~rE  -.  VACZ  531 
returned  to  the  blood  after  this  interval  and  the  "anti-substance"  or  an 
"anti-pressor  state"  had  disappeared. 
TABLE  V 
Effect of Repeated Injections of Renin plus Activator on Vessels of Rabbit's Ear Perfused 
with Ringer's Solution 
Per cent 
Material injected  Initial drop  Reduction of flow  reduction 
Rate per ram.  Time in rain. and see.  of flow 
Ear 1--150 cc. Circulating Fluid 
O. 1 cc. activator +  O. 1 cc. rcnin 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  ' ....  ' 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
0.3  "  "  "  "  " 
110 
109 
112 
109 
106 
100 
94 
89 
74 
40 
56 
58 
25 sec. 
I min. 3O sec. 
3  " 
4  u 
11  " 
I1  " 
9  " 
9  " 
6  " 
6  " 
4  " 
6  u 
3O 
75 
81 
76 
75 
72 
7O 
7O 
69 
65 
64 
61 
Ear 2--150 cc. Circulating Fluid 
cc. activator +  O. 1 cc. renin  80 
9O 
92 
94 
92 
92 
93 
95 
97 
75 cc, fluid removed 
97 
95 
95 
92 
93 
0.1 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.1  "  "  "  "  " 
0.2 cc. activator +  0.2 ce. renin 
0.2  "  "  "  "  " 
0.2  "  "  "  "  " 
0.2  "  "  "  "  " 
0.2  "  "  "  "  " 
35 sec. 
lmin. 
1 rain. 25 sec. 
1  "  25  " 
1  "  25  " 
2  " 
1  "  25sec. 
1  "  25  " 
1  "  20  " 
2min, 
2  " 
2  " 
2  " 
1 rain. 45 sec. 
45 
70 
76 
71 
69 
78 
70 
65 
63 
79 
75 
71 
74 
70 
Effect of Continuous Infusion of Renin.--Renin  was  given  as  an  infusion 
(0.1  to 4  co. per  minute  of  10:150  saline  dilution)  into  a  femoral  vein  while 
the  arterial  pressure  was  recorded  by  a  mercury  manometer  inserted  into  a 
femoral  artery.  Both  normal  and  anesthetized  (pentobarbital)  dogs  were 
employed.  A  control  blood  sample  was  drawn,  the  infusion  started,  and 532  i~()11 ACTi6~ OF RENIN 
samples drawn at intervals.  At the dose of the experiment a concentrated 
solution of activator  (10  to  15 cc.), prepared by Dr.  O.  M.  Helmet, was 
given and in from 2 to  10 minutes another sample of blood drawn.  The 
blood samples were tested on rabbit's ears perfused with Ringer's solution 
plus gum acacia. 
Renin caused a marked rise in blood pressure which was maintained for 
30 or more minutes, following which a  gradual fall in pressure occurred 
TABLE  VI 
Effect  of Renin plus Activator  on Rabbit's  Ear  Vessels Perfused  Separately  with 
Tachyphylactic Blood, Ringer's Solution, and Blood from the Same Dog 6 Hours 
after Renin Injections 
Material injected  Initial drop  Reduction of flow  Per cent reduction 
Rate per min.  Time in min.  of flow 
Blood from a tachyphylactic dog used for perfusion 
1.0 cc. renin 
1.0 cc. renin 
1.0 ce. renin +  1.0 cc. activator 
1.0 cc. renin -4- I. 0 cc. activator 
Blood removed and 
1.0 cc. renin 
1.0 cc. activator 
1.0 cc. renin +  1.0 cc. activator 
1.0 cc. renin -4- 1.0 cc. dog's plasma 
42  0 
34  0 
33  0 
32  0 
3erfused with Ringer's solution 
49  0 
56  0 
54  2½ 
55  3 
I  0  0  41 
56 
A fresh ear perfused with blood from the same dog 6 hrs. after it has been made tachypbylactic 
by injection of renin 
1.0 cc. renin  24  8  76 
1.0 cc. renin  21  6  60 
1.0 cc. renin  23  0  0 
1.0 cc. renin +  1.0 cc. activator  22  8  77 
despite an increase in the amount of renin administered, until, after 1½ to 
3 hours, it was often lower than the initial pressure.  In a  few animals if 
the infusion was continued the arterial pressure fell to very low levels and 
the  animal died.  The  response of the  blood pressure  to  renin infusion 
appears to depend on several factors, two of which are the rapidity with 
which  the  infusion is  given  and  the  amount  of  renin  given.  If  small 
amounts are given slowly, as in  the experiments of  Corcoran and Page 
(1939), the pressure is better maintained than when large amounts are given 
rapidly. 
Addition of renin to the control blood sample caused marked constriction 
of the vessels of the rabbit's ear (Table VII).  But 20 minutes after the 
infusion of renin was started, the amount of constriction caused by adding 
renin  to  the  blood  sample was  sharply  diminished.  At  this  point  the arterial pressure of the  dog  was usu- 
ally elevated.  As the experiment pro- 
gressed, addition of renin to the blood 
sample caused less constriction. 
Injection of concentrated activator 
into  the  dog,  either  directly  after 
stopping  the  renin infusion or  along 
with it,  caused  no  change  in  blood 
pressure,  but  when  renin was added 
to  the blood  sample  taken  after the 
injection  of  activator  and  perfused 
through  the  rabbit's  ear,  it  caused 
moderate constriction. 
To  ascertain  the amount of  renin 
contained  in  the  blood  at  various 
intervals after the renin infusion was 
started,  samples  of  blood  with  par- 
tially  purified  activator  added  were 
perfused  through  the  ear.  As  the 
experiment progressed, more constric- 
tion  was  observed  from  the  blood 
sample  after  adding  the  standard 
amount of activator than was elicited 
by the  control  blood.  For  example 
in one experiment (Table VII), blood 
plus  activator  produced 81  per  cent 
reduction of flow lasting 4.5 minutes, 
40 minutes after starting the renin in- 
fusion, whereas i0 minutes after it the 
reduction  was  62  per  cent,  lasting 
2  minutes.  This suggests that more 
renin is contained in the blood despite 
the  fact  that  the  arterial  pressure 
of  the  animal  is  falling  rather than 
rising.  Activator,  however,  is  de- 
creased.  The  addition  of  activator 
by injection evidently raises its quan- 
tity in  the  blood  for  a  time because 
addition of renin to the blood sample 
enhanced its pressor action more than 
the  blood  sample  drawn  just  before 
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TABLE  VII 
Effect  of Renin-Activator  of Continuous  Infusion  of Renin  into a  Normal Dog 
1.0 cc. 
1.0 cc. 
1.0 cc. 
1.0 cc. 
1.0cc. 
1.0cc. 
1.0 cc. 
1.0 cc. 
0.2 cc. 
1.0 cc. 
1.0 cc, 
1.0 cc. 
1.0 cc. 
1.0 cc. 
1.0 cc. 
Material injected 
normal blood No.  1 
normal blood No. 1 q- 0.5 cc.  renin 
blood No.  2  after  starting infusion  -1- 
0.5 cc. renin 
normal blood No. 1 -t- 0.5 cc. renin 
blood No. 3 drawn 20 min. after infusion 
started -t- 0.5 cc.  renin 
normal blood No. 1 q- 0.5 cc.  renin 
blood No. 4 drawn 40 min. after infusion 
started q- 0.5 cc. renin 
blood No. 5 drawn 60 rain. after infusion 
started ~- 0.5 cc.  renin 
activator 
blood No. 4  q- 0.2 cc. activator 
blood No. 2  q- 0.2 cc.  activator 
blood No. 3  q- 0.2 cc. activator 
blood No. 4  q- 0.2 cc.  activator 
blood No. 5  q- 0.2 cc.  activator 
blood No. 5 -q- 0.2 cc. activator 
150 
118 
102 
95 
Initial drop 
B.P.  Rate 
Reduction  of 
flow  Per cent 
Time in min.  reduction 
and sec.  oi flow 
0  0 
3½ rain.  69 
1  "  47 
3  "  71 
1½  "  45 
3½  "  70 
50  sec.  27 
1½ rain.  35 
0  0 
4½  "  81 
2  "  62 
4  "  70 
3½  "  72 
4  "  70 
3~  "  68 
Second Dog and Fresh Rabbit's Ear 
0.6 cc. 
0.6 cc. 
0,6 cc. 
0.6 cc. 
0.6 cc. 
0.6 cc. 
0.6 cc. 
normal blood 
blood No. 2, 20 min. after renin infusion 
started 
blood No. 3, 40 rain. after renin infusion 
started 
normal blood -q- 0.5 cc. renin 
blood No. 2  q- 0.5 cc. renin 
blood No. 3  -1- 0.5 cc.  renin 
blood No. 4 after renin infusion discon- 
tinued and 10 cc. concentrated activator 
injected  ~- 0.5 cc.  renin 
blood No. 4  q- 0.5 cc.  renin 
155 
180 
148 
92 
120 
134 
134 
129 
125 
123 
124 
20  sec. 
11  min. 
5  " 
2  " 
3½  " 
17 
92 
65 
67 
78 
0.6 cc.  3  "  70 
Ear 3 
0.4 cc. normal blood +  0.2 cc.  renin 
0.4 cc.  blood 4 after infusion of activator q- 0.2 
cc.  renin 
0.4 cc.  blood No. 3  q- 0.2 cc.  renin 
0.4 cc.  blood No. 2  -1- 0.2 cc.  renin 
110 
98 
96 
94 
15  rain. 
6  " 
3  ~ 
3½  " 
97 
81 
60 
69 
the  injection  of  activator.  But  the  enhancement  is  far  less  than  that 
observed  in  normal  blood. IRVINEH.  PAG~  535 
Effect of Continuous  Renin Infusion  in Chronically  Suprarenalectomized, 
Unanesthetized  Dogs.--Since  bilateral  suprarenalectomy  causes  marked 
reduction of  arterial  pressure  in  hypertensive dogs, it  seemed desirable 
to ascertain the effect of continuous infusion of renin into such animals. 
Dogs were employed in which the suprarenalectomy had been performed 
10 days or more before the test.  They were treated daily with salt and 
cortin and were in excellent condition. 
Renin infusion caused a marked sustained rise in blood pressure, similar 
to that in normal animals.  The blood sample taken before the infusion 
TABLE VHI 
Effect of Replacing Blood from Refractory Cat witk Fresk Blood 
Cat 1  Cat 2 
Material injected  Change in B.P.  Material injected  Change in B. P. 
Renin 0.3 cc. 
Renin 0.3 cc. 
Renin 0.3 co. 
150  cc.  blood removed and re- 
placed by saline 
Renin 0.3 cc. 
150  cc. fresh blood 20  rain.  re- 
quired 
Renin 0.3 co. 
Renin 0.6 cc. 
Rest for l~t hrs. 
Renin 0.3 cc. 
mm. 
+26 
+12 
+4 
-48 
0 
+32 
+12 
+12 
-I-18 
150 cc. blood removed 
150 co. blood injected  from cat 1 
Renin 0.3 cc. 
Renin 0.6 cc. 
Rest 1  t  hrs. 
Renin 0.3 
ram.  Hg 
-4O 
+38 
+22 
+6 
+12 
caused marked constriction when renin was added and perfused through 
the rabbit's  ear, indicating the presence of renin-activator in the blood. 
Just as in normal animals, continued renin infusion caused gradual loss of 
activator from the blood.  After 30 or more minutes of infusion the arterial 
pressure fell to low levels. 
Effect of Large  Transfusions  on  Tachyphylactic  Cats.--An  attempt was 
made to restore reactivity in a cat refractory to renin by removing as much 
blood as compatible with life, simultaneously attempting to keep up the 
blood pressure with saline and then replacing the blood with fresh blood 
(three  experiments).  The  protocols on  one  experiment  are  reproduced 
(Table  VIII). 
After removal of 150 ec. of blood from the refractory animal and replace- 
ment by saline, further injections of renin produced no response.  Injection 
of 150 cc. of fresh blood restored reactivity to a slight extent.  A period of 536  PRESSOR  ACTION  OF  P~ENIN 
rest usually is followed by increased reactivity to renin as shown in this 
experiment, hence the increased response after transfusion is not quite so 
marked as though the transfusion had been instantaneous.  In one experi- 
ment, in which tachyphylaxis had been established for one hour, transfusion 
did not restore responsiveness.  Injection of the blood from the refractory 
cat into the donor animal did not reduce the response to renin. 
DISCUSSION 
Tigerstedt  and  Bergmann recognized that  repeated injections of renin 
resulted  in  progressively  diminishing pressor  responses  (tachyphylaxis), 
but did not attempt to explain it.  Our results show that tachyphylaxis 
develops in both cats and dogs with renin preparations much purer than 
those of Tigerstedt and Bergmann.  Further, the initial response and the 
rapidity with which it develops in both normal and anesthetized (pento- 
barbital)  animals  varies.  In  general,  the  greater  the  amounts of renin 
injected and the shorter the interval between injections, the more rapidly 
is it elicited. 
A variety of experiments were performed to ascertain the cause for  this 
variation in the response to renin.  It was first determined that  the level 
of the blood pressure was not a  deciding factor,  nor  was  the moderate 
pentobarbital anesthesia.  Since it was possible that the detoxifying action 
of the liver was important, it was removed and arterial pressure maintained 
by transfusion, but tachyphylaxis could be developed.  In this connection 
it is of interest that  Child and  Glenn  (1938)  were unable to reduce the 
hypertension  of  dogs  with  clamps  on  their  renal  arteries  by  partially 
shunting the liver out of the circulation by means of an Eck fistula.  Our 
experiments also show that evisceration damped the response to renin but 
did  not  abolish  it  nor  prevent  tachyphylaxis from  developing.  Supra- 
renalectomy in brief experiments had no marked effect on the response to 
renin. 
A  second group of experiments were performed which were concerned 
with  the influence of the nervous system on the response to  renin.  No 
strict  parallelism was  found between  the  pressor  response  to  occluding 
both common carotid arteries  (carotid sinus reflex)  and the response to 
renin.  Decerebration at different levels appeared to influence the response. 
Indeed in two experiments when the cut extended through the midbraln, 
depressor responses were elicited by renin.  Since the  localization of the 
cuts  was  very  crude,  no  far  reaching  conclusions can be  drawn.  Such 
observations need not indicate that the nervous system is directly involved 
in the response to  renin.  It is possible that  the operation has in  some mvi1~rE H.  PAGE  537 
manner altered the complicated substrate on which renin acts.  This is all 
the more probable because pithing sharply reduces temporarily the response 
to renin while simultaneously increasing it to adrenine.  After an interval 
of recovery the response is but little reduced from that of the animal with 
the nervous system intact.  Tachyphylaxis can be developed in the pithed 
animal. 
Since the arterial pressure of pithed animals is usually low, the pressure 
was raised by transfusion of fresh normal blood.  During the early part 
of the experiment the blood appeared to increase the responsiveness slightly 
but as it progressed and tachyphylaxis appeared, blood was ineffective in 
aiding the response.  Acacia and salt  solution, although they raised the 
blood pressure of the pithed animal, did not alter the responsiveness. 
If renin stimulated the nervous system directly to cause vasoconstric- 
tion, this might be shown by intracisternal injection.  This was performed 
in normal dogs and followed by injection of the same amount of renin into 
the  femoral vein.  Highly purified renin  was  employed because  it  was 
found that less pure preparations produced a  marked presso  r  effect when 
injected into the cisterna.  Renin had an insignificant effect on the blood 
pressure when injected into the cisterna magna.  The same dose caused 
a sharp and prolonged rise when introduced into the femoral vein.  Renin 
with added activator also was ineffective when injected into the cisterna. 
It is concluded that renin does not stimulate the nervous system under the 
condition of these experiments. 
A  third  group of  experiments were  performed to  study  the  effect of 
certain drugs which are known to alter the action of pressor amines on the 
response to renin.  Cocaine was administered until marked potentiation 
of adrenine was secured, but the response to renin was not altered, nor did 
cocaine prevent the occurrence of tachyphylaxis.  Williams (1938) suggests 
that renin prepared by the method of Grossman (1938) produces its action 
by  the  slow  liberation  of  an  adrenine-like  substance.  Supporting this 
view he  observed marked potentiation of the  renin by  cocaine in  rats. 
The present results and those of Helmet and Page (1939) in which no chem- 
ical evidence was found for the presence of adrenine are difficult to reconcile 
with Williams' experiments.  These experiments are not, however, directly 
comparable.  No parallelism was found between the response to adrenine 
after the animal was treated with ergotamine tartrate and the response to 
renin.  The  pressor  action of renin was not abolished.  This  is  further 
evidence against the participation of adrenine in the renin response, though 
it does not rule out adrenine-like substances. 
Neither  strychnine nor  caffeine in  large  doses restored responsiveness 538  PRESSOR ACTION OF  RENIN 
after tachyphylaxis had developed.  Administration by continuous infusion 
of dilute hydrochloric acid or sodium bicarbonate did not alter the response 
significantly to  renin  whether the latter  was  injected during or  shortly 
after the infusion. 
Merrill, Williams, and Harrison (1938), using a renal extract prepared by 
treating ground kidney cortex with alcohol and extracting the precipitate 
with water, found the response in 7 rats with the neck crushed to be greater 
than in animals with intact cords.  They attributed this to the low initial 
pressure which followed destruction of the  cord.  Similarly they found a 
greater response in 2 animals in which the liver was excluded by diverting 
the portal blood into one of the renal veins by means of a  cannula, the 
hepatic artery  being ligated.  Removal of the  spleen, suprarenals,  pan- 
creas, and kidneys did not affect the response.  But animals in which the 
kidneys had been removed 2 to 3 days before injection of renin were found 
to be more sensitive than normal. 
Hessel  (1938)  employed an  active  renin  preparation,  the  method of 
preparation of which has  not been presented in  the scientific literature 
He  also  found that  the action of renin was chiefly on peripheral blood 
vessels.  It appeared to have no action on the coronary vessels or jugular 
vein of cows.  Atropine, cocaine, ergotamine, and carotid sinus denerva- 
tion did not affect  its  action,  nor did removal of the liver,  spleen, and 
kidneys prevent its pressor effects.  He found no increase in  sensitivity 
of nephrectomized animals. 
While there are a  number of discrepancies among the data of various 
investigators which may be  explained by the fact that different animals 
were employed and entirely different and often crude methods were em- 
ployed for the preparation of renin, nevertheless, the results are surprisingly 
uniform.  All these data,  including our own, indicate that the action of 
renin  is  directly  on  peripheral  blood  vessels  and  is  influenced  only 
secondarily by other systems of the body. 
Its  action  is  clearly  different  from  such  substances  as  adrenine  and 
tyramine.  There appears to be no parallelism in the response of animals 
to renin and the so called pressor amines.  Renin is more like pitressin and 
nicotine in the ability to develop tachyphylaxis when injected repeatedly. 
This fact is all too frequently forgotten when assay of extracts of tissue for 
their renin content is attempted. 
A  fourth group of  experiments concerned  the  development of  tachy- 
phylaxis in isolated perfused rabbits'  ears.  Just as in the intact animal, 
tachyphylaxis occurred when normal blood was used  to  perfuse the ear. 
If renin-activator was added along with the renin, marked constriction of raVINE H.  PACE  539 
the vessels again occurred.  Further, if after the development of tachy- 
phylaxis, the blood is  removed and fresh blood substituted, renin alone 
again causes constriction and repeated injections again cause tachyphylaxis. 
To demonstrate that it was not the ear that was failing to respond, tachy- 
phylactic blood was perfused through a second, fresh ear and renin injected. 
No  constriction occurred.  If  instead  of  tachyphylactic blood,  Ringer's 
solution was  circulated, injection of renin plus renin-activator produced 
sharp constriction.  It appears that the development of tachyphylaxis in 
the perfused ear is due to lack of renin-activator and that it may be over- 
come in the perfused ear by addition of activator to the renin. 
This  thesis  is  supported by  experiments in  which it  was  shown that 
when the ear was perfused with Ringer's solution and renin plus renin- 
activator injected tachyphylaxis did not develop. 
The  circumstances  appear  somewhat  different  when  tachyphylaxis 
develops in intact animals.  Addition of renin alone or renin plus activator 
to blood from such animals perfused through the ear caused no constriction. 
The same ear responded to renin and activator when the perfusing fluid 
was changed to Ringer's solution. 
Tachyphylaxis,  developed during  repeated  administration of  renin  to 
blood perfusing a rabbit's ear, is due chiefly to exhaustion of renin-activator. 
When tachyphylaxis is developed in the intact animal, not only is activator 
depleted, in the presence of amounts of renin in excess of that required to 
produce vasoconstriction, but addition of activator does not restore the 
pressor effect of renin.  It seems reasonable to suppose that a  substance 
has appeared which interferes with the combination or functioning of the 
renin-renin-activator complex, or that a  third substance necessary for the 
reaction  has  been  exhausted.  The  development  of  this  "anti-pressor 
state" may account for the failure of a large transfusion to restore respon- 
siveness  in  cats  after  tachyphylaxis has  developed.  Removal of  large 
amounts of blood and  substitution with  saline was  also  ineffective.  It 
seems reasonable to suppose that administration of 150 cc. of fresh blood 
from a normal animal would supply enough activator for several responses 
to  renin were no anti-substance  2 present.  Actually only very moderate 
or no response is obtained. 
Tachyphylaxis develops much less  rapidly  when  renin  is  slowly  and 
continuously infused  into  dogs.  It  is  probable  that  the  fall  in  blood 
pressure which occurs after prolonged infusion is due to  development of 
tachyphylaxis,  since  renin-activator  disappears  slowly  and  addition  of 
2 Until an anti-substance can be demonstrated by more direct means, its existence 
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activator partially restores the ability of the blood to  cause constriction 
in  the  rabbit's  ear.  Our  data  are  inadequate  to  prove  that  an  "anti- 
pressor" substance or, better stated, an "anti-pressor state" develops more 
slowly when renin is  slowly infused than when single injections of renin 
are given, but two experiments suggest that it does.  Further investigation 
is being carried out on this point. 
The fact that renin-activator is found in the blood of chronically supra- 
renalectolnized dogs treated with salt and cortin suggests that the supra- 
renals are not the source of activator nor is it lack of this substance which 
causes the fall in blood pressure when the suprarenals are removed.  Nor 
have  we  the impression that normal dogs which have been suprarenalec- 
tomized and  treated  with  salt  and  cortin  exhibit  diminished  responses 
to renin infusion. 
SUMMARy 
1.  Tachyphylaxis occurs when renin is repeatedly injected into dogs and 
cats regardless of whether they are normal, anesthetized, pithed, hepatec- 
tomized, suprarenalectomized, nephrectomized, or eviscerated. 
2.  The pressor response to renin in brief experiments is independent of 
the  height of  the  arterial  pressure  or  the  presence  of  the  suprarenals. 
Evisceration  and  large  doses  of  ergotamine reduce  the  response.  It  is 
largely uninfluenced by pithing, intracisternal injection of renin, cocaine, 
strychnine, caffeine,  and  infusion of sodium bicarbonate or hydrochloric 
acid.  It may be slightly increased by large blood transfusions or hepatec- 
tomy but the result is short lived. 
3.  There is no parallelism between the pressor responses to carotid sinus 
stimulation, adrenine, and tyramine on the one hand and renin on the other. 
4.  Section of the brain may be followed by depressor responses to renin. 
5.  Intracisternal  injection  of  renin  elicits  no  significant  rise  in blood 
pressure or other circulatory manifestations. 
6.  Continuous infusion of renin  produces a  prolonged rise  of  arterial 
pressure  in  normal  and  chronically  suprarenalectomized  dogs,  but  the 
pressure ultimately falls despite continued infusion. 
7.  Tachyphylaxis  develops in  the  isolated  rabbit's  ear  perfused with 
blood and small doses of renin.  The same blood perfused through a second 
ear causes no vasoconstriction when renin is  added.  Addition of renin- 
activator restores the ability of renin to cause constriction. 
8.  Renin alone causes no vasoconstriction when perfused with Ringer's 
solution, but renin plus renin-activator restores activity.  Tachyphylaxis IRVmE H.  PAG~  541 
does not develop when Ringer's solution is employed instead of recirculating 
blood. 
9.  Blood from animals  made tachyphylactic  by  repeated  injections of 
renin is lacking in activator and also fails to cause vasoconstriction in the 
rabbit's ear when renin and renin-activator are added. 
10.  Renin-activator  is  lost  and  tachyphylaxis  develops  more  slowly 
during continuous infusion of renin.  Blood pressure may fall after a period 
of renin infusion despite the pressure in the blood of excess renin.  Injec- 
tion of partially  purified  activator  restores  the  activator  content  of  the 
blood as demonstrated in the rabbit's  ear, but no rise in arterial pressure 
occurs. 
CONCLUSIONS 
Renin  tachyphylaxis--the  diminishing  pressor  response  observed  in 
animals after repeated injectiofls of purified renin--is due to loss of renin- 
activator  and  development of an  "anti-substance"  (anti-pressor  state  or 
loss of some substance necessary for the chemical reactions which culminate 
in the pressor action of renin) in the blood. ' It is due in the perfused ear 
chiefly to lack of renin-activator. 
Renin-activator  seems an essential  constituent of the  chemical system 
responsible for the physiological effects of renin. 
The vasoconstrictor effect of the system, renin-renin-activator is elicited 
primarily by direct action on blood vessels and except under certain  cir- 
cumstances,  is little  influenced in  experiments of  short  duration  by  the 
removal of the nervous system, endocrine glands, or viscera. 
It is with pleasure that I acknowledge my indebtedness to Mrs. Marion Norman and 
Mr. Roland Parker for their assistance in the conduct of these experiments. 
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